Biosynthesis and assembly of the polysialic acid capsule in Escherichia coli K1. Role of a low-density vesicle fraction in activation of the endogenous synthesis of sialyl polymers.
Escherichia coli K1 synthesizes a polysialic acid capsule when grown at 37 but not 15 degrees C. The derangement in sialyl polymer synthesis appears to result from the inability of 15 degrees C membranes to synthesize or assemble a functional endogenous acceptor (Troy, F.A., and McCloskey, M.A. (1979) J. Biol. Chem. 254, 7377-7387). Membranes from cells grown at 15 degrees C spontaneously gained the ability to synthesize sialyl polymer after incubation at 33 degrees C for 2-4 h. The incubation-dependent activation of the endogenous synthesis of sialyl polymer in 15 degrees C membranes possessed two unusual features. First, the sialyltransferase was localized in a low density vesicle fraction (LDV; rho = 1.11 g/cm3). Second, this fraction catalyzed protein synthesis, and protein synthesis was required for activation. A study of the LDV fraction showed: 1) their light density resulted from a 5- to 8-fold enrichment in lipid phosphate to protein ratio and their sialyltransferase activity was enriched 40-fold compared with unfractionated total membranes; 2) they contained proteins characteristic of inner and outer membranes including leader peptidase and lipoprotein; 3) they constituted 8% of the mass of unfractionated total membranes yet contained all of the endogenous sialyltransferase activity in 15 degrees C membranes. In contrast, LDV from 37 degrees C grown cells accounted for 4.8% of the membrane mass and only 12.5% of the endogenous sialyltransferase activity; 4) they were multilamellar and averaged 0.7 mu in diameter. Based on these results, we believe the LDV fraction is of physiological importance in sialyl polymer synthesis. Growth at 15 degrees C allowed identification and study of the LDV fraction possibly because of the altered thermotropic properties of the membrane phospholipids that occur when E. coli is grown at low temperature.